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FOREWORD 


The  major  purpose  aad  direction  of  the  stud/  in  this  report  vss  to 
ascertain  the  cause  of  the  grain  growth  of  the  gas  generator  LFTVIO  and 
the  extent  to  which  the  binder  participated  in  this  phenoeenon.  Areas 
of  investigation  were  entered  onl/  to  the  extent  of  their  pertinence  to 
the  problem  and  often  not  dealt  with  as  coc^letely  as  the  investigators 
may  have  desired. 

The  study  was  initiated  on  7  July  19^)<  under  Bureau  of  /ax*al  ‘JesTons 
Task  Assignment  RM  3731'-007/2l6-l/W120..0D4}l  and  research  cn  the  funds.- 
mental  aspects  was  coapleted  under  Bureau  of  llaval  Weapons  Task  Assign- 
Mnt  RJCIP  22-O66/216-I/ROOI- Jo-Ol ,  The  conoletlon  date  was  30  Septecber 
I56U. 

This  report  was  reviewed  for  technical  accuracy  by  Ronald  A.  Henry 
and  WilXIaa  R.  McBride. 

Released  by  Under  authority  of 

CILBEBT  J.  PLAXH,  WM.  B.  McLEAD 

Acting  Head,  Technical  Director 

Research  Department 
1  February  1965 
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TADLii  1,  A=noaiun  Illtrate  Transitions^ 


Phase 

reaction 

Temp., 

oc 

b 

Vol.  change, 
ml/g 

I  t  II 

125.2 

0.013 

II  t  111 

8U.2 

-O.C08 

III  t  IV 

32.3 

0.0221 

IV  t  V 

GO 

1 

-0.016,  -O.OlU 

II  t  VI 

'*5  to  51 

^  The  data  are  taken  fron  Hef.  1. 
Sif^  is  attributed  to  louer  arrow 
traasiticn. 


EXPEHIfENTAL 


All  propellant  saotples  used  in  our  exoeriaents  were  received  in  the 
fora  of  1/2-inch  cubes  that  were  triaaed  to  fit  the  dilatoaeter. 

The  sample  of  LPT-10  was  aanufactured  by  the  Propellants  Division  of 
Aboco  ChCBical  Corporation «  Chicago,  and  its  coapositlon  is  given  in 
Table  2«  The  Ingredients  are  aixed  at  90°C,  poured  J  '’o  nwlds  at  10$- 
UO^C,  evacuated  for  1  ainute,  and  then  pressed  for  2  ainutes  at  approxi- 
eately  U^hOO  psi.  Tne  density  as  aeasured  in  n-hexane  at  was 
1«511*  g/^  (theoretical  density  1<S6  g/al}«  Two  determinations  were  made 
with  this  aaterial. 

To  evaluate  the  effect  of  a  eutectic  composition  upon  the  tran''ltlon3 
of  aaxoniua  nitrate,  two  propellants  were  prepared  in  e  coiascn  bin..'r. 

The  sample  PL320b-R  contained  a  mixture  of  gr;-~d  nitrate  and 

ground  guanidine  nitrate  in  a  70:30  ratio.  The  sasgile  PI.3205  contained 
a  70:30  melt,  which  is  close  to  the  eutectic  composition  (7^:26;  Ref.  ^), 
The  melting  point  of  the  fused  mixture  was  IPS^C  and  that  of  the  eutectic 
is  127. 7°C  (Ref.  1»).  The  melt  was  groiind  to  100-micron  pnrticle  size. 

The  binder  for  both  sac^lrs  was  a  Butorez  Type  II  carbozyl  terminated 
polybutadiene  and  was  cured  with  HX-868  (Minnesota  tiining  s  Manufacturing 
Co.  designation  for  trimssoyl-trisnethylaziridine)  crosslicking  agent. 
Both  lots  were  made  up  in  300-graB  batches,  mixed  in  1-pint  Baker-Perkins 
vertical  mixers,  and  cured  for  >i-5  days  at  70®C.  The  densities  as 
measured  in  n-hexane  at  25°C  for  PL3205  and  ?L320lj-B  were  l.?55b  g/ml 
and  1.3^96  g/cd,  respectively  (theoretical  density  l.bh  g/nl).  The 
propellants  were  cut  into  l/A-inch-strips, 

The  assoniic:  nitrate  was  a  sar.ple  of  J.  T.  Baker  Analyzed  Reagent. 

It  was  dried  fcr  2  dsys  under  vacuum  at  TC’C.  The  density  was  taken  as 
1,725  g/ml  at  10°C  (Ref.  l). 
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TCMKMTIME.'C 

fio.  5»  Specific  Volu£)e>Tet^rature  Pelationsitip  fcr  PL3205 
•nd  PL320J*-R. 


An  increase  of  0.61tS  In  npecific  Toluae  vas  observed  betveen  50  and 
52®C  for  IiFT>10a  X>ray  diffract! oq  data  obtained  at  roost  teaiperature 
and  at  70*^0  indicate  that  this  transition  is  the  IV  ■*  II  transition  of 
asnoalna  nitrate  and  will  be  the  subject  of  furtbe**  discussion.  On 
cooling,  this  transition  does  not  occur  until  spproxisately  u7®v. 

The  results  for  anaoniuB  nitrate  are  given  in  Fig,  k  and  Table  3. 

Only  the  hi^er  teaperature  bdiavior  vas  studied  and  the  esperiaent  was 
started  at  C’c,  Ho  transition  was  observed  besveen  30  and  35**C,  but  a 
broad  transitica  did  occur  betveen  bO  sad  50’C,  This  was  shown  to  be 
the  Tf  ■*  in  transition  fr<a  X>my  data  obtained  at  room  tesperature  and 
at  70®C,  The  transition  tei^rature  vas  shifted  to  an  elevated  teigsera- 
ture  because  of  the  partial  drying  of  the  anacndun  nitrate. 

The  specific  volut^-tesperatxure  data  for  PI.3e05  and  PL320l»-R  are 
given  in  Fig.  5.  The  results  ere  sinllar  to  those  obtained  with  amonius 
nltr^.  Ho  transition  was  observed  between  30  and  35“C,  bat  a  broad 


transition  upy^ard  tetveen  1*0  and  50“C  for  both  F*  '~05  and  PLS^Ob-H, 

This  transition  is  deduced  to  ne  the  IV  *  1!I  transition  of  nesenlua 
nitrate.  The  plots  and  the  expansion  coeffleieiits  indicate  that  the  Jise 
of  a  eixture  near  tnc  autectic  ccspcslticn  of  assoniua  nitrate  end 
guanidine  nitrate  does  not  alter  the  a=»xiiun  nitrate  transition. 

The  differential  thcR^al  analysis  results  for  hrT-lO  and  ass^iua 
nitrate  arc  quite  sisilar.  Azssniua  nitrate  had  endotherss  at  92, 

130,  aod  ni°C,  The  LFT-IG  had  ecdotherxs  at  ’<6,  S7,  and  127“C,  Ho 
transition  is  observed  at  173'°C,  the  aelting  point  of  aaroniua  nitrate. 

The  endothcra  at  87®C  for  LTT-IO  was  smaller,  heuever,  than  the  tae  at 
92’C  for  asEsoniua  nitrate. 

It  Bust  be  ccacluded  froa  these  results  tnat  the  theraal  behavior  cf 
LPT-IO  tron  -31  to  75“C  is  essentially  due  to  the  as^tiius  nitrate.  The 
second  order  transition  of  the  cellulose  acetate  binder,  which  is  well 
plasticized  by  the  acetyl  trletbyl  citrate.  Bust  either  be  below  -32^0 
or  is  too  saall  to  be  seasured  by  this  technique. 

It  has  been  shown  fx^  the  dialysis  of  the  PL3205,  PL320b-H,  and  cs- 
Boniua  nitrate  experiaents  that  the  observed  transition  was  the  IV  -»  UX 
Kaoniua  nitrate  type,  while  in  the  LFT-JO,  tte  sain  transition  was  the 
IV  *  H  transitita.  This  difference  in  behavior  si^t  be  explained  as 
follows:  the  propellant,  LFT-IQ,  is  processed  and  the  grain  pressed  at 
a  tKaerature  well  above  the  III  -*  II  transitica  tesperature  causing  cost 
of  the  asuaiua  nitrate  to  be  in  the  XI  fora.  When  the  grain  is  cooled 
down,  the  acaoniua  nitrate  passes  directly  into  the  1.  fora  since  there 
is  veiy  little  soisture  present,  Upca  heating  the  grain  to  Ik^C  in  the 
aging  test,  the  XI  fom  predowlnates.  However,  according  to  the  results 
of  the  differential  ther^  analysis  at  87“C  it  appears  that  so:*  of  the 
III  fora  is  present.  These  crystals  ray  facilitate  eocverslca  of  II  to 
the  Bore  stable  III  upai  absorption  of  ssall  amounts  of  silsture.  This 
conversion  gives  rise  to  a  volte*  increase.  The  PL^Ob-R,  PL3205,  nd 
assaiuB  nitrate  sasples  were  never  heatea  to  a  te^*ralare  above  .ae 

III  ■*  II  transition  tesperature  and  pitdiably  contalnec  s- _ ?  *v>i3t-xre. 

Therefore,  these  saaples  under^  the  IV  ■*  111  transition. 

Taxing  the  voluse  of  the  ^a  generator  grain  as  53.80  in.^,  the  in¬ 
crease  in  voluse  of  the  grain  would  be  2.15  in.^  when  the  tesperaf«-e  is 
increased  froa  25  to  75“C.  If  the  asxKiiua  nitrate  is  Ihei  converted  into 
the  III  foza  standing  as  suggested  the  volur*  would  increase  eves  sore. 

It  is  suggested  that  if  the  UT-10  grains  are  prepared  while  the 
aaxsnius  nitrate  is  in  the  III  fora,  the  severe  growth  preblea  wo-ild  be 
disinished. 

The  results  also  indicate  that  the  foraiag  of  a  eutectic  with  guani¬ 
dine  nitrate  has  very  little  effect  upon  the  asaonlus  nitrate  transitlcxi, 
and  that  the  Butarez  binder  has  very  little  effect  upon  either  the 
transiticn  of  tlie  eutectic  or  the  sized  crystal  systes. 
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